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INTRODUCTION
As of year 2015, chronic hepatitis B virus infection (CHB) affects 257 million persons worldwide [1] . It accounts for 50%-80% of all cases of hepatocellular carcinoma (HCC) globally [2, 3] , which is the 5 th most common cancer worldwide and still demonstrates rising incidence [1, 4] . Up to 15%-40% of hepatitis B virus (HBV) carriers will develop cirrhosis and/or HCC in their lifetime [5, 6] . Identifying CHB patients with high risk for HCC is essential for implementation of preventive measures, including initiation of antiviral therapy and regular surveillance for HCC.
Known risk factors for HCC in CHB patients include both host factors [e.g., older age, male gender, genetic polymorphism, family history, presence of cirrhosis, coexisting chronic liver diseases, co-infection with hepatitis C virus (HCV) or human immunodeficiency virus (HIV)] and viral factors (e.g., high HBV DNA levels, core promoter mutations) [7] [8] [9] [10] [11] [12] . Risk stratification models for prediction of HCC risk in CHB patients have been developed and validated, namely the REACH-B, GAG-HCC and CU-HCC [13] [14] [15] . Common variables among these prediction scores include age, gender, HBV DNA, cirrhosis, liver biochemistries. Among these factors, diagnosis of cirrhosis is particularly prone to inter-observer variability due to the nature of qualitative assessment by imaging. Improving diagnostic accuracy of cirrhosis without histological assessment could be achieved by non-invasive means. Quantitative assessment with imaging-based (e.g., liver stiffness measurement) or serum-based tests is increasingly used in estimating the severity of liver fibrosis for risk stratification.
Serum Mac-2 binding protein glycosylation isomer (M2BPGi), also known as Wisteria floribunda agglutinin positive Mac-2 binding protein (WFA + -M2BP), is a novel glycan-based marker for assessment of liver fibrosis [16] . The sugar chain structure of M2BP changes correspondingly to progression of hepatic fibrosis. WFA, a lectin used to recognize the altered glycan parts of M2BP, is detected by a lectinantibody sandwich immunoassay and liver fibrosis can thus be quantified. Serum M2BPGi has recently been shown to be a reliable marker for diagnosing advanced liver fibrosis and cirrhosis in various liver diseases [17] [18] [19] . The predictive value of M2BPGi for risk of HCC development has also been demonstrated in CHB patients [20] [21] [22] [23] . However, these studies were mostly retrospective with a relatively short duration of follow-up of ≤ 5 years. In addition, the patient population was heterogeneous, including both treatment-naive and treatment-experienced patients. In the only study evaluating M2BPGi in treatment-naive patients, serum M2BPGi higher than a pre-defined cut-off [≥ 2.0 cut-off index (COI)] was associated with higher risk of HCC [22] . However, the serum M2BPGi levels in CHB patients may differ between populations with different ethnicity and disease stage and the cut-off values should be properly defined for each. Moreover, as the majority of HCC in CHB is diagnosed in Hepatitis B e antigen (HBeAg) negative patients [24] , the predictive value of M2BPGi in HBeAg negative patients should be investigated in a well-defined cohort. Therefore, the aim of this longitudinal study was to examine the relationship between serum M2BPGi and the development of HCC in treatment-naive HBeAg-negative patients, and to define an optimal cut-off value for prediction of subsequent HCC development.
MATERIALS AND METHODS

Patients
The present study recruited CHB patients who were aged ≥ 18 years old and were managed in the Liver Clinics in Queen Mary Hospital, Hong Kong. All recruited patients had persistent positivity for serum HBV surface antigen (HBsAg) ≥ 6 mo, and were positive for HBeAg on presentation with subsequent documented spontaneous HBeAg seroconversion between year 2000-2007. Patients were excluded for the following conditions: co-infection with chronic HCV, HIV, excessive alcohol intake (≥ 30 g/d for male, ≥ 20 g/d for female), other chronic liver diseases (e.g., primary biliary cholangitis, autoimmune hepatitis, Wilson's disease), history of treatment with antiviral agents, history of HCC, or other major medical comorbidities, e.g., heart failure and pulmonary disease. Patients with incomplete clinical data or without retrievable serum samples were also excluded. A total of 207 patients were recruited for this study. All patients were treatment-naïve at recruitment. Subsequent antiviral therapy consisting of nucleos(t)ide analogues were initiated for either hepatitis flare [defined as alanine aminotransferase (ALT) > 2 times the upper limit of normal with serum HBV DNA > 2000 IU/mL] or development of liver-related complications (cirrhosis or HCC) [25] . This study population was also examined for the role of hepatitis B core-related antigen (HBcrAg) on the HCC development in a previous study [26] . The study protocol was approved by the Institutional Review Board/ Ethics Committee of the University of Hong Kong and the Hong Kong West Cluster of Hospital Authority. Figure 1 depicts the patient disposition.
Clinical data and laboratory assessment
All recruited patients had regular clinic visits every 6 months or more frequently if clinically indicated. For the purpose of this study, the date of HBeAg seroconversion was defined as the start of follow-up. The end of follow-up was defined as the date of diagnosis of HCC, or the date of last clinic visit for patients without HCC development. Clinical parameters including age at presentation, age at HBeAg seroconversion and gender were documented. Blood tests including liver biochemistry and alpha feto-protein (AFP) were measured at the time of HBeAg seroconversion and subsequent visits. Serum HBV DNA levels were measured at baseline by Cobas Taqman (Roche Diagnostics, Branchburg, NJ, United States) with lower limit of detection of 20 IU/mL.
Measurement of serum M2BPGi
Serum M2BPGi was measured using a chemiluminescent enzyme-linked immunoassay by two-step sandwich method and the details of the test were reported elsewhere [18] . Briefly, serum M2BPGi was measured by HISCL M2BPGi reagent kit (Sysmex, Hyogo, Japan) on an automatic immunoanalyzer HISCL-800 (Sysmex, Hyogo, Japan). Serum M2BPGi level was expressed as COI. Serum M2BPGi level was measured at 3 time points: at baseline (defined as within 3 years after HBeAg seroconversion), at 5 years and at 10 years after HBeAg seroconversion.
Radiological assessment
Regular 6 monthly ultrasonography of the hepatobiliary system was advised to all patients and AFP levels were measured regularly at the interval of 3-6 mo. For those with abnormal AFP levels and/or abnormal ultrasound findings, contrast-enhanced imaging, either computerized tomography or magnetic resonance imaging would be arranged. HCC was diagnosed by the typical features of arterial phase hyperenhancement and porto-venous washout of contrast, with or without histological proof. Cirrhosis was diagnosed in the presence of small nodular liver, splenomegaly or ascites.
Liver stiffness measurement
Liver stiffness measurement (LSM) was performed using Fibroscan (Echosens®, Paris, France). Liver stiffness (LS) was expressed as the median value of ≥ 10 successful acquisitions in units of kilopascals (kPa). LSM was only considered reliable with a success rate of ≥ 60%, combined with an interquartile range of < 30%. The operator received prior formal training from Echosens® and had performed at least 500 transient elastography procedures. As the Fibroscan machine was only available in our centre since year 2006, LSM was performed at year 5 from HBeAg seroconversion. Advanced fibrosis was defined as LS ≥ 9 kPa according to the European Association for Study of Liver, Asociación Latinoamericana para el Estudio del Hígado clinical guidelines [27] .
Statistical analysis
Continuous variables were expressed as median [interquartile range (IQR), as specified]. Mann-Whitney U test was used for comparison of median between 2 groups. Categorical variables, expressed as proportions, were compared using Chisquare test and Fisher's Exact test when appropriate. Pearson's correlations were performed to evaluate the relationship between LS and serum M2BPGi. To determine whether factors were independently associated with subsequent HCC development, variables with a P < 0.05 in univariate analyses were entered into multivariate analysis performed by binary logistic regression, with odds ratio (OR) and 95% confidence interval (CI) calculated. To evaluate the diagnostic performance of serum M2BPGi in predicting subsequent HCC development, receiver-operating characteristic (ROC) curve analysis was carried out. Diagnostic accuracy was expressed as the specificity, sensitivity, positive predictive value (PPV), negative predictive value (NPV), and area under the ROC curve (AUROC). The optimal cut-off values were obtained by maximizing the Youden's index. Kaplan-Meier survival analysis was used to compare the incidence of HCC using the derived M2BPGi cut-off value. A two-tailed P value of < 0.05 was considered statistically significant. All statistical analysis was performed using Statistical package for Social Sciences (SPSS) version 20.0 (SPSS Inc, Chicago, IL, United States). The statistical review of the study was performed by a biomedical statistician.
RESULTS
Baseline characteristics of the patients
The baseline characteristics of 207 enrolled patients were shown in Table 1 
Markers of liver fibrosis and cirrhosis
The Since almost half patients were eventually started on antiviral therapy, it would be impractical to exclude these patients from subsequent analysis. Previous report stated that antiviral therapy would lead to decline in serum M2BPGi level and reduction in histological fibrosis [18] . To address this issue, we performed additional analysis to compare the serum M2BPGi levels at 5-year and 10-year between those who were subsequently initiated with antiviral therapy. The median serum M2BPGi levels in patients requiring treatment compared to patients not requiring treatment were 0. 
Factors associated with HCC development
Among 207 patients, HCC developed in 14 patients (6.8%) at a median of 4.7 (IQR: 2.7-8.9) years at median age of 59.1 years. The 5-year, 10-year and 15-year cumulative incidences of HCC were 3.9%, 5.9% and 7%, respectively.
Compared to patients without HCC development, HCC patients were older at HBeAg seroconversion (median age: 40 years old vs 52 years old, P < 0.001). HCC patients had higher baseline serum aspartate aminotransferase (AST, 44 U/L vs 24 U/L, P = 0.002), alanine aminotransferase (ALT, 61 U/L vs 27 U/L, P = 0.007), and gamma glutamyl transferase (GGT, 59 U/L vs 22 U/L, P = 0.003). The proportion of patients with cirrhosis was higher in the HCC group compared to non-HCC group (92.8% vs 11.4%, P < 0.001). The median serum M2BPGi at baseline, 5-year and 10-year were significantly higher in HCC group compared to non-HCC group (1.39 COI vs 0.38 COI, 1.45 COI vs 0.47 COI and 1.20 COI vs 0.55 COI, respectively; P < 0.001, P < 0.001 and P = 0.001, respectively) ( Figure 3 ). The 5-year LS was significant higher in HCC group compared to non-HCC group (12.6 kPa vs 6.4 kPa, P = 0.028) ( Table 2) .
As more than half of HCC cases in this cohort developed between baseline and 5-year, multivariate analysis was only performed on baseline variables for association with subsequent HCC development. Multivariate analysis showed that age at HBeAg seroconversion (OR = 1.196, 95%CI: 1.034-1.382, P = 0.016) and baseline serum M2BPGi (OR = 4.666, 95%CI: 1.296-16.802, P = 0.018) were independent factors associated with HCC development (Table 2) .
Performance characteristics of serum M2BPGi in prediction of HCC development
The AUROC of baseline serum M2BPGi for predicting subsequent HCC development was 0.883 (95%CI: 0.771-0.995, P < 0001). The optimal cut-off value was 0.685 COI, which predicted HCC development with 91.7% sensitivity and 80.8% specificity. The PPV and NPV were 25.8% and 99.3%, respectively (Supplementary Figure 1) .
The cumulative incidence of HCC at 15-year of follow-up was significantly higher in patients with baseline M2BPGi ≥ 0.68 COI compared to < 0.68 COI (29% vs 0.9%, respectively, P < 0.001) (Figure 4) . 
DISCUSSION
The present longitudinal study investigated a homogenous CHB patient population with a well-defined time point of HBeAg seroconversion, with a median follow-up length of 13.1 years representing a relatively long duration of follow up in the existing literature regarding risk prediction for HCC development in such a population. HCC development was shown to be highly predictable by baseline serum M2BPGi (OR = 4.666). Serum M2BPGi provides an objective quantitative assessment of liver fibrosis, rather than qualitative sonographic features. In comparison, sonographic diagnosis of cirrhosis was not a significant factor for HCC development upon multivariate analysis (P = 0.239), highlighting the limitations of qualitative assessment. Although 5-year LSM and 5-year M2BPGi were not included in the multivariate analysis, they showed good linear correlation with each other (r = 0.563, P < 0.001). Baseline M2BPGi also dictated advanced liver fibrosis at subsequent 5-year LSM (P = 0.008). It would be of great interest for future studies to determine whether a combined M2BPGi and fibroscan measurement at baseline would further enhance the predictability for HCC development.
The cut-off value of baseline serum M2BPGi was derived by established statistical methods with an excellent performance (AUROC = 0.883). Using a cut-off value of 0.68 COI, the sensitivity and specificity was > 90% and > 80%, respectively, with very high NPV (99.3%). The low PPV (25.8%) was mainly related to the relatively low incidence of HCC in this HBeAg negative cohort and is not unexpected from their inactive disease profile. In view of such, serum M2BPGi would be useful to exclude patients with low risk of HCC. As LSM has been incorporated into HCC prediction scores [28] , combining other markers for liver fibrosis, like M2BPGi, into risk prediction models should also be explored.
Apart from baseline M2BPGi, older age at HBeAg seroconversion (OR = 1.196) was another independent factor associated with the development of HCC. This is consistent with previous reports that the risk of HCC was higher if spontaneous HBeAg seroconversion occurred at an older age [29, 30] . As HBeAg seroconversion marks the transition from immune active phase to residual low replicative phase of CHB [31, 32] . patients with late HBeAg seroconversion might experience more cumulative liver insult from more active viral replication during the longer HBeAg positive immune active phase compared to patients who had HBeAg seroconversion at a younger age.
In this study, a few known risk factors were not statistically significant variables for subsequent HCC development. The patients in this study were all treatment-naive at the time of recruitment, implying a relatively inactive disease profile. Expectantly, both groups (HCC and non-HCC) had relatively low viral load at the time of HBeAg seroconversion (HBV DNA 4.6 and 4.0 log IU/mL, respectively). Similarly, serum albumin in both groups were in the normal range (43 and 44 g/L, respectively), indicating preserved liver synthetic function in this selected population. The lack of statistical significance for male gender in this study might be related to the small sample size and low number of patients with HCC. A higher proportion of patients who subsequently developed HCC were initiated with antiviral therapy compared to patients who did not develop HCC (71.4% vs 47.7% for non-HCC, P = 0.102). Although statistical significance was not reached, those that did not need antiviral therapy may intrinsically have a better disease profile with more favourable virological and biochemical characteristics [30] , which accounted for an apparently lower risk of HCC in those who do not require antiviral therapy. Antiviral treatment cannot be withheld if treatment indications were reached, including not only hepatitic flare but also development of cirrhosis or HCC. Therefore, 49.3% of patients in this study eventually received treatment at a median duration of 5.5 years. We showed that subsequent antiviral therapy did not signficantly change the serum M2BPGi levels at 5-year, probably related to the short duration of treatment. Paradoxically, the median M2BPGi level was significantly higher at 10-year in those requiring antiviral treatment compared to those who did not (0.66 vs 0.52, P < 0.001). This reflects the intrinsically more advanced liver disease in those requiring antiviral treatment. As the timing of antiviral therapy initiation was heterogenous (IQR: 2.7-8.6 years after recruitment), it is difficult to assess the effect of antiviral therapy on fibrosis regression, taking into consideration the differences in the severity of liver disease accumulated at the timing of therapy. Therefore, the differences in serum M2BPGi levels between HCC and non-HCC group at 5-year and 10-year could not be explained by antiviral therapy alone.
There are a few limitations in the present study. Firstly, platelet counts were not available, precluding the use of other serum-based indices for fibrosis assessment (e.g., FIB-4, APRI). Secondly, viral factors including HBV genotype and specific mutationsknown risk factors for HCC development -were not included in the analysis. Thirdly, due to the low number of HCC cases at 5-year (n = 8) and 10-year (n = 3), 5-year and 10-year serum M2BPGi as well as 5-year LS were not included in multivariate analysis. Larger scale studies including more patients would be needed to evaluate the role of longitudinal assessment of these markers in HCC risk prediction.
In summary, serum M2BPGi accurately predicted subsequent HCC development in treatment-naive HBeAg-negative CHB patients across a long-term follow-up duration. The derived cut-off value of serum M2BPGi would be a valuable tool for risk stratification regarding HCC risk prediction. 
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Research background
Hepatocellular carcinoma (HCC) is the most dreadful complication of chronic hepatitis B infection (CHB). Recent research showed that serum Mac-2 binding protein glycosylation isomer (M2BPGi) is a novel biomarker for liver fibrosis and cirrhosis, and preliminary studies reported its potential role in predicting risk of HCC in both untreated and treated patients.
Research motivation
The current literature has limited data on the role of serum M2BPGi in predicting risk of HCC in patients with hepatitis B e antigen (HBeAg) seroconversion (HBeAg-negative disease), and studies with long-term follow-up are lacking.
